Mucin clots formed from synovial fluid by addition of acetic acid are typically compact and cohesive, with a clear supernatant. After treatment with hyaluronidase, acidification of synovial fluid produces fragile granular precipitates, turbidity, opalescence, or no change at all, according to the extent to which prior depolymerization of the hyaluronic acid is allowed to proceed (Robertson, Ropes, and Bauer, 1940; Ogston and Stanier, 1953) . Similar effects follow non-enzymic breakdown of hyaluronic acid, or increasing salt concentrations.
The present report describes and analyses radical changes in mucin complexes induced solely by the presence of fresh serum prepared from peripheral blood. These changes were first found incidentally when synovial cell cultures were grown in the presence of fresh or heat-inactivated serum (Clarris and Fraser, 1968) . Mucin clots could be precipitated in all the culture media containing heat-inactivated serum but were consistently absent or much smaller in the paired media containing fresh serum. Cell numbers, cell growth rates, and the hyaluronic acid concentrations were similar in each paired study (Fraser, Harris, and Clarris, 1969) , and it was later found that the deficiencies in mucin clots in the fresh-serum media could be restored by heatinactivation before acidification. It was thus clear that fresh serum did not reduce the amount of hyaluronic acid formed or greatly alter its polymerization during or after secretion. Similar differences in clots were then reproduced from Medicine, the Royal Melbourne Hospital, Victoria, mixtures of fresh or heat-inactivated serum with hyaluronic acid prepared direct from synovial fluid.
Although mucin complexes are artefacts of acid conditions, the first stage in their formation is one of a class of protein-polysaccharide combination which might be related to those found in physiological conditions (Ogston and Stanier, 1950) . Moreover, the abnormal mucin clots of synovial fluid from inflamed joints have long been a matter of theoretical interest. The above-mentioned reaction between fresh serum and hyaluronic acid was therefore examined further in vitro.
Material and methods
These were identical with those given in a previous paper (Harris and Fraser, 1971 ) with the following additions:
HUMAN SERUM was prepared from fasting normal subjects, with care to avoid denaturation. One part of each sample was heat-inactivated at 56°C. for 30 min. in sealed rubber-capped vials, and the other part was either chilled or held at room temperature until used.
PRECIPITATION OF HYALURONIC ACID in mucin complexes was compared in each instance with the same preparation of hyaluronic acid, and with fresh and heat-inactivated aliquots from a single sample of serum. The reaction was usually performed with the components at room temperature or at 4'C. Additional reagents used were chondroitin sulphate ex bovine nasal cartilage (Sigma, U.S.A.) and heparin (C.S.L., Melbourne). (Table III) , precipitation of hyaluronic acid with fresh serum gradually increased to completeness at levels about 200 Itg. hyaluronic acid per ml., although the mucin complexes still appeared abnormal above these levels.
The effective temperature for prior heat-inactivation of the serum appeared to lie between 500 and 56°C. (Table IV , overleaf), with one discrepancy. The inhibitory effect of fresh serum had previously been found to withstand deep-freeze storage, thawing, incubation at 37°C. for 3 days in cellcultures, and a further cycle of freezing and thawing. It was also sustained after intensive dialysis (Table V, overleaf).
Since the activity of fresh serum could readily be detected with less than 10Og. hyaluronic acid per ml., further analyses were performed by visual comparisons with appropriate controls.
CHANGES OBSERVED IMMEDIATELY AFTER ACIDIFICATION
Acidification of hyaluronic acid and heat-inactivated serum followed the usual sequence of immediate Reactions at low temperature The foregoing observations were all made with the components at room temperature (18 to 25°C.). However, the differences between mucin complexes formed with fresh and heat-inactivated serum were repeatedly observed when the solutions were previously chilled to 4°C. (Figure, opposite) breakdown of hyaluronic acid, and changes in parallel with the loss of viscosity (Ogston and Stanier, 1953) . The effects of fresh serum described Hyaluronidase has been demonstrated in serum by Bollet, Bonner, and Nance (1963) . de Salegui and and de Salegui, Plonska, and have distinguished serum hyaluronidase activity as heat-labile, destroyed by proteases, and non-dialysable, with a low pH optimum and no detectable action within 22 min. above pH 4 9. Fresh human serum reduced the viscosity of hyaluronic acid within a few minutes of acidification, though measurable N-acetylglucosamine was liberated more slowly. Thus, in most respects, the present results with the formation of mucin complexes are explicable by heat-labile serum enzymic activity.
On the other hand, some of the evidence points in other directions. de Salegui and used a minimum ionic strength of 0 3 to avoid formation of insoluble mucin complexes which would otherwise slow the enzymic action (Pigman, personal communication) , and they also found that heparin readily inhibited the enzymic effect of serum. The inhibitory effect of fresh serum on mucin formation is also notable for an impairment of immediate gelation at room temperature or 4°C., absence of any impressive thermal dependency, and resistance to interference by considerable excess of heat-inactivated serum, heparin, or chondroitin sulphate, all of which suggest that the effect is not solely enzymic. The failure to precipitate mucin complexes by heat-inactivation after acidification can be explained by changes other than enzymic breakdown (Pigman, Hawkins, Gram- (Noguchi, 1956 ). However, in conditions of physiological pH, hyaluronic acid forms soluble complexes in normal bovine synovial fluid (Ogston and Stanier, 1950) with acid-insoluble a-globulins (Curtain, 1955) and in abnormal human synovial fluid with serum inter-a trypsin inhibitor (Sandson, Hamerman, and Schwick 1965) . The findings in the present experiments could be consistent with soluble complexes of hyaluronic acid with proteins containing a polar cationic structure yet a high net electronegative charge, such as might exist among the minor serum acid glycoproteins. Formation of a soluble complex initially might facilitate subsequent action of serum hyaluronidase and so ensure irreversibility.
Because of the relative amounts of hyaluronic acid and serum, and the rapidity of the reaction, measurement of the possible contribution of hyaluronidase as increased reducing sugar or freed acetylglucosamine was not possible.
Regardless of the mechanism, the effects of fresh serum suggested an explanation for the altered mucin complexes found in the fluid of inflamed joints where the protein and hyaluronic acid levels may approach some of those shown in Table III . The results of heat-inactivating such fluids indicate that this is sometimes so, but other explanations, such as lesser polymerization (Ragan and Meyer, 1949) and dilution (Hamerman and Schubert, 1962) Further studies have indicated that the inhibitory effect is due to a reaction between hyaluronic acid and a heat-labile nondialysable component of serum. It does not appear to be entirely attributable to hyaluronidase activity in the serum because it is in part immediate, it is not counteracted by excess amounts of heat-inactivated serum, heparin, or, chondroitin sulphate, and it can be demonstrated at 4°C.
Abnormal mucin clots from pathological synovial fluids can be partly restored towards a normal appearance by prior heat-inactivation.
